This paper compared the differences and similarities in the rainfall intensities predicted by four standard IDF equations for return periods between 5 and 40 years and for storm durations between 15 and 30 minutes. The empirical models employed for comparison on the development of standard IDF equations using historic data for Benin, Calabar, Port Harcourt, Onitsha and Warri meteorological stations, all in Southern Nigeria were available in literature. The strength and weakness of the different models were assessed using the mean ± standard deviation as range between intensities estimated for 5 and 40 years, and percent relative error between the observed and predicted rainfall intensities as performance criteria. The results obtained showed that there were significant differences in the rainfall intensities as predicted by the equation types. However, the IDF types-1 and 2 equations displayed lower range values in intensities for all returned periods. Types-1 and 2 equations predicted the lowest relative error of less than or equal to 6% in all stations considered. Because IDF studies are associated with hydrologic extremes, both types-1 and 2 equations are therefore recommended for hydrologic design of flood control structures. The study has advanced the understanding of the equations and further insight in their utility as hydrologic design tools.
INTRODUCTION
The rainfall Intensity-Duration-Frequency relationship must be known before the hydrologic design of culverts, levees, drainage, ditches, urban storm-drain system, airport drainage structures and small dams can be designed accurately. Rainfall Intensity-DurationFrequency (IDF) equation describes rainfall intensity as a function of duration for a given return period. It is an important parameter for the design of storm management facilities.
Several organizations and researchers had expressed IDF relationship using different equation types without a comparative study to contrast them. Froehlich [1] presented four standard forms of rainfall Intensity equation types which are used globally for the calibration of IDF relationships. These equation types contain parameters which ranges between 2 and 4 and these parameters are used to characterize the equation type. The equation parameters represent the influence of climate and physiographic features of the catchment on rainfall. One of the earliest IDF equation is the socalled Ministry of Health formula [2] . It contains two parameters, hence it is called equation type-2 IDF equation. Wenzel [3] provided coefficients for number of cities in United States for equation type-2 for return period of 10 years.
Texas Department of Transportation [4] hydraulic design manual has equation type-3 (3-parameter equation) for use in its counties for return period of 2 to 100 years. Awokola [5] derived IDF equation using type-4 (4-parameter IDF equation) for selected cities in Southern Nigeria. Nwaogazie and Duru [6] , Nwaogazie and Uba [7] and; Nwaogazie and Okonkwo [8] developed a 2-paramter equation type for Port Harcourt, Eket and Abakiliki cities respectively. Ologhadien [9] also derived 4-parameter IDF model for Port Harcourt city. Ogarekpe [10] developed and compared exponential logarithmic and power-law types of IDF models for Calabar and recommended the logarithmic model for sizing and forecasting of relevant hydraulic structures in Calabar. The logarithmic model is a two-parameter form of IDF equation. Udomboso and Amahia [11] conducted a comparative analysis of rainfall prediction using statistical neural network and classical linear regression models to estimate rainfall events in Ibadan, Nigeria from 1971 -2003. The equation form employed in their study [11] is different from the standard IDF forms used in this study. Al Hassoun [12] developed an empirical formula to estimate rainfall intensity in Riyadh region of Saudi Arabia. The empirical formula derived is of equation type-4 without the "b" parameter. The effect of neglecting "b" parameter, reduces the equation type to threeparameter equation. Okonkwo and Mbajiorgu [13] carried out IDF analysis for seven cities in South Eastern Nigeria but the results were presented in statistical and graphical forms. Other contributors to IDF modeling are Brenard [14] for rainfall intensity formulas, Eze [15] for rainfall intensity and energy on gully development in northeastern part of Enugu State in Nigeria; and El-Sayed [16] for intensities duration-frequency curves for ungauged sites. The global IDF modeling had followed different equation types without a study that had compared and contrasted them. This comparative study is the purpose of this paper. The study was conducted using the IDF equations derived by Ologhadien and Nwaogazie [17] in a previous work. The predictions were carried out on return period basis for time of concentrations (durations) of 15, 20, 25 and 30 minutes and return periods of 5-, 10-,15-,20-,25-,30-,35-, and 40 years. The study was designed to deepen the understanding and utility of these equations in the establishment of design-storm volumes. A design storm is a precipitation (rainfall) event used as basis for hydrologic design of hydraulic structures. The return period and time of concentration (duration) are important independent variables for the estimation of rainfall intensity using IDF relationship. It has been recommended that for well-developed areas with relatively flat slopes, the time of concentration ranges between 10 to 20 minutes, while the common practice is to use storm events having a return period of once every 2 to 10 years for the design of storm sewers in residential areas, and a return period of 10 to 30 years for commercial and high-value districts. Thus, this comparative study is based on rainfall durations of 10 to 30 minutes, and return periods of 5 to 40 years. The data (rainfall amounts and durations) were obtained from Nigerian Meteorological Department (NIMET), Oshodi Lagos, Nigeria. The authors in an earlier work [17] used the data to derive "Rainfall Intensity-Duration-Frequency Models. These models formed the basis of the comparative analyses. The present paper seeks to undertake analytical comparisons of rainfall intensity predictions of the equation types in order to determine which one is most suitable in our geographical setting. Statistical analyses of IDF predictions on equation type were performed using IBM SPSS Statistics 2.0. Prior to analysis, input files were prepared for each station by pairing the equation type predictions on rainfall duration for various return periods. Thus, for each rainfall duration, say 15 minutes, the four equations were adopted to predict the rainfall intensities, and so on for other durations. Beginning with a return period of 10 years, the process continued for all the return periods considered. The F-Statistic tests the significance of return period, for given duration on equation type via the rainfall intensities predicted. This test is based on linear independent pairwise comparisons among the estimated marginal means. The F-values are significant if F < 0.05; that means there are significant differences between predicted rainfall Intensities at 5% level of probability. The performances were evaluated using the mean ± standard deviation as range between the rainfall intensities estimated for 5 and 40 years. For a given model and various return periods, rainfall intensity values were computed with corresponding standard deviation and that formed the basis for model performance comparison. The range was computed for each equation across the stations. The criterion adopted is that the lower the range, the closer the differences between the values predicted for 5 and 40 years, respectively. It implies that the particular equation type performed better across the stations and suitability was assessed by considering the ranges. The ranges between the highest and lowest values were plotted graphically using MS Excel. The relative error between the measured intensity and equation type predicted intensity was determined for each return period as follows:
MATERIALS AND METHODS
In (1) 
Discussion
The observed trends agreed with the general curvature of rainfall intensity against duration which follows a logarithmic profile. Therefore, the greater return period of the storm of given duration, the higher the rainfall intensity. Generally, the rainfall intensities increased with the return period in all the stations except Onitsha where the values at 35 and 40 years were lower ( Table 2) . This departure was probably due to the different physiographic setting of Onitsha. Furthermore, as the return period increased, the differences between successive predicted values become generally smaller (Table 2) . A similar trend was also observed between rainfall intensity and duration (Table 3) and rainfall intensity and equation type ( Table 4 ). The study showed that two-parameter type-2 equation provided overall lower ranges, while in terms of percent relative error, both type1 and type-2 provided the lowest values of less or equal to 6%, within a return period of 15 years (Figs 2 -6 ). This is the return period usually adopted in the hydraulic design of structures. The study agreed with Froehlich [1] 
